Introduction {#Sec1}
============

Breast cancer (BC) is a malignant cancer that severely harms women's health worldwide and is the most common cancer in women in both developed and developing countries. In developing countries, the incidence of BC is rising due to increased life expectancy, the expansion of urbanization, and the adoption of a western lifestyle \[[@CR1]\]. The most common manifestations in postoperative BC patients are mental fatigue, anxiety, and depression \[[@CR2]--[@CR4]\]. Moreover, the physical inactivity due to weakness and upper extremity function limitation after surgery may cause the decrease in muscle strength and cardiorespiratory endurance, and then seriously affect the mood and QOL of BC patients \[[@CR5], [@CR6]\].

Some results of previous studies demonstrated that exercises may improve muscle strength and cardiorespiratory endurance in BC patients during rehabilitation and further improve their emotions and QOL \[[@CR5], [@CR7]--[@CR12]\]. However, there are some problems in the current exercise rehabilitation forms. First, patients are usually unable to adhere to regular group exercise rehabilitation in hospital outpatient clinics or fitness centers due to the traffic delays or personal schedules; second, although face-to-face private exercise guidance may have a better rehabilitation effect, it will increase the economic burden of patients.

With the universalization and extensive applications of the internet, exercise intervention and guidance for BC patients via phone social media apps and remote video have become possible. Related studies have been carried out \[[@CR13]--[@CR15]\]. However such studies have some deficiencies such as a singular method of exercise intervention and exercise guidance \[[@CR16]--[@CR19]\]. Therefore, due to the limitations of previous studies, we aimed to investigate the effects of the CEIBISMS on QOL, muscle strength and cardiorespiratory capacity in postoperative BC patients in China.

Methods {#Sec2}
=======

Study design and participants {#Sec3}
-----------------------------

The present study was a randomized single-blinded controlled trial to investigate the effects of the CEIBISMS in postoperative BC patients.

Participants were recruited from the Department of Breast Surgery, The Second Hospital of Shandong University, Jinan City, Shandong Province. All participants should sign the written consents before participating in the study.

Inclusion criteria: Patients with BC at phase I to III who have finished postoperative radiotherapy/chemotherapy within 4 months to 2 years.

Exclusion criteria: Patients who 1) have communication or language barrier and cannot complete the questionnaire; 2) have metastasis, severe deterioration of conditions or severe mental disorder; 3) have a history of acute suicidality; 4) have cognitive brain organic lesion and dementia; 5) can not use smartphone apps or tele-video. Patients who met one or more of the above criteria would be excluded from the study.

Intervention {#Sec4}
------------

### Control group {#Sec5}

Subjects randomized into the control group received traditional treatment and rehabilitation according to daily specifications of the hospital. The traditional treatment and rehabilitation were consistent with the recommendations of the National Institute for Health and Care Excellence clinical guidance (NG101) \[[@CR20]\]. The rehabilitation was also performed according to regular requirements and postoperative BC rehabilitation-related health education was provided.

### Intervention group {#Sec6}

Basic contents of intervention in the intervention group included muscle training, cardiopneumatic endurance training and postoperative rehabilitation knowledge which pushed diverse interventions. (1) Muscle training: muscle training includes muscle strength, muscle endurance and muscle function training. Face-to-face televideo instruction on physical exercise rehabilitation was performed 3 times per week in 30-min sessions, including 5 min warm-up, 20 min muscle training and 5 min relaxation each time. The primary content of muscle training in the first month was endurance training, in the second month was strength training, and in the third month was muscle function training \[[@CR21]\]. (2) Cardiorespiratory capacity training: face-to-face televideo instruction was performed 4 times per week, exercise strength was determined via Ratings of perceived exertion (RPE), subjects were asked to complete the target number of steps within a specified time, number of steps were recorded via phone step-recording app; (3) Postoperative BC rehabilitation knowledge: common knowledge of physical exercise BC rehabilitation was pushed regularly through social media apps every day; knowledge of simple physical exercise rehabilitation and psychological adjustment relative to BC survivors was also pushed.

Physical exercise rehabilitation training was performed under the guidance of professional physiotherapists of the subjects. The measures of exercise intervention were gradually advanced and the strength of exercise was gradually increased. The side effects and severe adverse events would be recorded and reported to the study designer by physiotherapists, and the study designer determined further measures to take. If necessary the training would be discontinued according to the reports from the therapists and results of consultation with BC specialists.

Variables {#Sec7}
=========

Outcomes measured at baseline {#Sec8}
-----------------------------

### Clinical history and socio-demographic characteristics {#Sec9}

Information on age, gender, smoking, comorbidities (such as lymphedema, hyperlipidaemia, overweight, obesity, depression, anxiety and osteoporosis), height and weight was obtained from face-to-face interviews and measurement method.

Outcomes measured at baseline and at the end of the CEIBISMS intervention programme {#Sec10}
-----------------------------------------------------------------------------------

### Primary outcomes {#Sec11}

The primary outcome was QOL, which was determined by the 36-item Short Form Health Survey (SF-36) \[[@CR22], [@CR23]\]. SF-36 is a reliable and manageable questionnaire measuring QOL which has been extensively applied in assessment of the health conditions of patients with chronic diseases. SF-36 includes 8 dimensions and 2 summary tables, and the score of each dimension is in the range of 0 to 100 (100 represents the best health condition).

### Secondary outcomes {#Sec12}

The secondary outcomes were muscle strength measured with the stand-up and sit-down chair test and arm lifting test, and cardiorespiratory capacity measured with maximal oxygen uptake (VO2max).

Stand-up and sit-down chair test (number of times standing up from the chair within 30 s) \[[@CR24]\]: This test is used to evaluate leg strength and endurance of the subject. Procedure of testing: 1) Put an upright chair (or a folding chair) against the wall (for the sake of safety). 2) The subject sits in the middle of the chair with right foot and left foot apart equal to the shoulders, and one foot may be put slightly front and the other slightly back. Both arms were crossed around the waist and close to the chest. 3) During the test, the subject should completely stand up and then completely sit down. 4) Record the number of times that the subject stands up from and sits down in the chair within 30 s. 5) For safety purposes or when necessary, the subject may use her arms for assistance.

Arm lifting test (30 s dumbbell of 5 pounds or 2.3 kg lifting test): This test is used to evaluate the strength and endurance of upper extremities. Procedure of testing \[[@CR24]\]: 1) 2.3 kg (5 pounds) dumbbell is used. 2) Put an upright chair (or a folding chair) against the wall (for the sake of safety). 3) Sit close to the side of chair if the subject has a stronger arm on that side. 4) The non-affected arm holds the dumbbell with the arm naturally hanging straight down over one side of the chair while the body takes a push-up position. 5) The non-moving arm is fixed close to the body so that only the moving arm is moving. 6) First bend the arm into push-up position, then straighten to maximum extent while gradually rotating outward to a palm upward position. 7) Next, the arm returns to the push-up position and is put on one side of the chair. 8) Record the number of times that the arm bends and lifts. 9) Precautions: Make sure the arm is completely bent, and then completely straighten the elbow; it is very important that the upper extremities remain stable without swaying.

Maximal oxygen uptake: this outcome was determined by an modified Bruce treadmill protocol \[[@CR21]\] which was strictly abided by, and the heart rate was monitored with a polar watch during the test. The protocol consists of two to four sessions of continuous exercise lasting for 3-min. The test was designed to raise the steady state HR of the subject to between 110 beats/min and 70% heart rate reserve (HRR) (or 85% of the age-predicted HRmax) for at least two consecutive stages. It was important to remember that two consecutive HR measurements must be obtained within this HR range to predict VO2max.

The measurements of all outcomes were recorded at baseline and 12 weeks after intervention. Measurements were conducted in the same place and by the same tester for both intervention group and control group strictly according to the precautions and operational rules, to ensure that the measurements were scientific and precise.

### Sample size {#Sec13}

Sample size was estimated based on our preliminary trial. In the preliminary trial of 16 patients, the vitality score were 54.7 ± 8.4 and 62.5 ± 12.3 in the control and intervention group, respectively, after 12 weeks intervention. According to the previous study, we calculated that thirty women were enrolled in each group for a 80% power to detect a 8 difference in vitality between the groups with SD of 10, α level of 0.05 and allowing for a 25% loss to follow-up.

### Randomization allocation {#Sec14}

The patients admitted to the study were randomized to either the intervention group or the control group. The randomization sequence was generated by the study designer using a random number table.

### Blinding procedure {#Sec15}

Allocation was retained by the study designer until the end of the study to ensure allocation concealment. Outcome assessors and data analysts were kept blinded to the allocation. Patients and treatment providers were advised not to reveal their group allocation to the outcome assessors.

Data analysis {#Sec16}
-------------

The study results underwent statistical analysis with SPSS software version 19.0 (SPSS Inc., Chicago, IL, USA). Analysis of covariance adopted for comparisons between groups, and paired *t* test was used for before-exercise and after-exercise comparisons within a group, whereas *p* \< 0.05 represent there is a significant difference between the test results.

Results {#Sec17}
=======

Participant characteristics {#Sec18}
---------------------------

Sixty participants were randomly assigned to the groups: intervention group (*n* = 30, female), control group (*n* = 30, female). Over the course of the study, 4 participants in the intervention group withdrew because of health issues (n = 3) or stopping exercise (*n* = 1); 6 participants in the control group withdrew due to health issues (*n* = 2) and 4 participants were lost during the follow-up in the control group (*n* = 4). The data of the 50 participants who completed the trial were included in the final analysis. Figure [1](#Fig1){ref-type="fig"} shows the process of subjects following the recommendation of the Consolidated Standards of Reporting Trials (CONSORT) \[[@CR25]\].Fig. 1The flow chart of the trial design. Abbreviations: BC brest cancer, CEIBISMS combined exercise intervention based on internet and social media software

The ranges of the age, body age and BMI of the subjects were 42--60 years old and 22--28 BMI, respectively. Table [1](#Tab1){ref-type="table"} shows the characteristics of subjects. No differences were found among the groups for the values of anthropometric (age = 0.056 and BMI = 0.114), marital status (*p* = 0.735), hemodynamics (BPS at rest *p* = 0.204, BPD at rest *p* = 0.567), stage of illness (*p* = 0.600), phase of treatment (*p* = 0.207) by using one way analysis of variance (ANOVA) analysis.Table 1Subject characteristics for each group. Data are means (±SD)DemographicIntervation group (*n* = 26)Control group (*n* = 24)Baseline ANOVA analysis (P)Anthropometric Age (years)48.00(5.54)51.63(7.49)0.056 BMI24.07(1.98)25.20(2.94)0.114 Marital Status0.735 Married15(57.69%)15(62.50%) Single11(42.31%)9(37.50%)Hemodynamics BPS at rest (mmHg)118.73(14.38)126.00(24.61)0.204 BPD at rest (mmHg)76.846(11.08)75.08(10.47)0.567 Stage of illness0.600 I6(23.08%)10(41.67%) II18(69.23%)10(41.67%) III2(7.69%)4(16.67%) Phase of Treatment0.207 Observation2(7.69%)4(16.67%) Chemotherapy10(38.46%)11(45.83%) Radiation therapy0(0%)0(0%) Radiochemotherapy14(53.85%)9(37.5%)Abbreviations: *ANOVA* Analysis of Variance, *KG* Kilogram, *BMI* body mass index

Primary outcomes {#Sec19}
----------------

### The 36-item short form health survey (SF-36) {#Sec20}

In the intervention group, participants showed significant improvements after 12 weeks in role-physical (*p* = 0.009), general health (*p* = 0.024), mental health (*p* = 0.014), vitality (*p* = 0.014) and reported health transition (*p* = 0.007). As well as marginally significant improvements in physical functioning (*p* = 0.085), the score was increased in bodily pain (*p* = 0.290), social functioning (*p* = 0.148) and role-emotional (*p* = 0.144) subscales. In the control group, participants had marginally significant improvement after 12 weeks in physical functioning (*p* = 0.079), general health (*p* = 0.054). But there was no significant difference. There were statistically significant differences among two groups in vitality (*p* = 0.009), mental health (*p* = 0.001) and reported health transition (*p* = 0.048) (Table [2](#Tab2){ref-type="table"}).Table 2The means (±SD) of the Mos 36-item Short Form Health Survey, Stand-up and sit-down chair test, Arm lifting test and Maximal oxygen uptake in two groupsVariablesIntervention GroupIntervention Group Paired t test (P)Control GroupControl Group Paired t test(P)Baseline ANOVA analysis (P)ANCOV Aanalysis(P)(*n* = 26)(*n* = 24)Baseline12 weeksBaseline12 weeksSF-36 PF82.12(10.69)86.73(7.87)0.08578.96(18.88)85.21(10.78)0.0790.4660.735 RP32.69(38.58)57.69(37.93)O.009\*59.38(42.23)53.13(41.25)0.5190.0570.142 BP73.46(13.84)77.31(13.43)0,29073.33(18.10)79.58(16.28)0.1890.9780.590 GH65.96(15.85)73.38(18.16)0.024\*57.21(19.80)63.08(18.90)0.0540.0900.300 VT61.92(11.67)67.12(5.86)0.014\*62.71(8.84)62.08(10.31)0.7000.7910.009\* SF88.94(17.08)95.67(17.30)0.14885.42(24.91)93.75(21.49)0.1030.5600.872 RE61.54(40.76)74.36(33.08)0.14456.94(44.48)69.44(40.43)0.1310.7050.744 MH51.08(6.23)54.62(4.92)0.014\*51.83(6.62)49.83(5.53)0.1970.6790.001\* HT2.42(1.14)1.65(0.94)0.007\*2.46(1.28)2.17(0.82)0.3730.9180.048\*SPSDCT14.81(2.93)19.31(4.32)0.000\*15.17(3.41)15.67(3.69)0.1800.6910.000\*ALT16.08(5.01)20.50(4.14)0.000\*18.58(4.09)19.33(4.46)0.2680.0600.017\*VO2max43.07(18.32)50.58(13.88)0.027\*41.35(17.71)44.98(16.52)0.0560.7380.149Abbreviations: SF-36 the Mos 36-item Short Form Health Survey, PF Physical Functioning, RP Role-Physical, BP Bodily Pain, GH General Health, VT Vitality, SF Social Functioning, RE Role-Emotional, MH Mental Health, HT Reported Health Transition, VO2max maximal oxygen uptake, SPSDCT Stand-up and sit-down chair test (number of times standing up from the chair within 30 s), ALT Arm lifting test (30 s dumb bell of 5 pounds or 2.3Kg lifting test), ANCOV, Analysis of Covariance, ANOVA Analysis of Variance, \* *p* \< 0.05

Secondary outcomes {#Sec21}
------------------

### Stand-up and sit-down chair test (SPSDCT) {#Sec22}

Table [2](#Tab2){ref-type="table"} shows the mean SPSDCT of two groups respectively at baseline and 12 weeks measurements we had scheduled. The intervention group showed an obvious increase in the numbers of SPSDCT, and the difference was significant (*p* = 0.000). The control group increased in the SPSDCT numbers, but the difference was not significant (*p* = 0.180). There were statistically significant differences among the two groups (*p* = 0.000).

### Arm lifting test (ALT) {#Sec23}

The difference for the intervention group was significant (*p* = 0.000), and there was no significant difference in the control group (*p* = 0.268). The changes of ALT in two groups showed a similar tendency. However, There were statistically significant differences between two groups (*p* = 0.017). The specific results and statistical analysis are shown in Table [2](#Tab2){ref-type="table"}.

### VO2max {#Sec24}

The changes of VO2max in two groups showed a similar tendency (Table [2](#Tab2){ref-type="table"}). The intervention group and the control group have a degree of increase after 12 weeks. The difference in the intervention group was significant (*p* = 0.027), but there was no significant difference in the control group (*p* = 0.056). There was no significant difference between the two groups (*p* = 0.149).

Discussion {#Sec25}
==========

The aim of this study was to estimate the effects of the CEIBISMS on the QOL, muscle strength and cardiorespiratory capacity in postoperative BC patients with BC in China. In the present study, according to the changes of SF-36, SPSDCT, ALT and VO2max at baseline as well as at 12 weeks after the combined exercise intervention, we demonstrated that the CEIBISMS resulted in a statistically significant improvement in many subdomains of the SF-36, SPSDCT and ALT, which in turn was associated with improvements in QOL, muscle strength. The intervention group had significant improvement in VO2max compared with the control group. The CEIBISMS had a effect of improving cardiorespiratory in postoperative patients with BC in China.

The SF-36 can be applied to assess the QOL of BC patients \[[@CR26]--[@CR29]\]. Previous studies have shown that physical exercise management can significantly improve the QOL of BC patients \[[@CR13], [@CR30], [@CR31]\]. However, few clinical trials have verified whether diversified exercise interventions have an increased beneficial effect on the QOL of BC patients. According to our research results, after 12 weeks of exercise intervention, the indexes of "vitality", "mental health", and "reported health transition" in SF-36 improved in the intervention group compared with the control group, with significant differences between the groups. The enhancement in vitality suggested that internet-based diversified exercise interventions can improve the subjective perception of BC patients toward vitality and fatigue. Since the sense of fatigue is common among postoperative survivors of BC \[[@CR32], [@CR33]\], the improvement of vitality has important implications for the enhancement of their QOL \[[@CR34]--[@CR36]\]. Patients with BC usually have psychosocial problems due to illness and disability caused by the surgery \[[@CR37], [@CR38]\]. The results of the research on the index of mental health indicated that internet-based diversified exercise interventions can improve the psychological aspects of BC patients. The results of reported health transition revealed that the overall health status of the subjects improved after 12 weeks of intervention. The indexes of "role-physical" and "general health" in the SF-36, after 12 weeks of exercise intervention, although without significant difference between the groups, showed an increase within the intervention group. The results of the role-physical indicated that BC survivors in the intervention group achieved some improvement in their functional limitations caused by their physiological health problems. The results of general health showed that BC survivors in the intervention group improved their own health status and its development trends. In conclusion, judging from the results of the study, 12-week of the CEIBISMS improved the QOL of postoperative BC patients.

SPSDCT and ALT can reflect the muscle strength of lower and upper extremities. After 12 weeks of diversified exercise interventions, the intervention group showed significant improvement compared with the control group. These improvements illustrated that the CEIBISMS can promote the development of muscle strength in BC patients. When arm curl test was performed, only the non-affected arm was tested in consideration that the subjects may refuse to complete the test for fear of causing or aggravating lymphedema of the affected limb. However, when the intervention was conducted, the bilateral arms were rehabilitated together. Therefore, the enhancement of the strength of the non-affected arm muscle strength can be used to speculate the improvement of muscle strength in the affected arm. In addition, there were no side effects that caused or aggravated lymphedema during the intervention, which also confirmed the conclusions of previous studies that resistance training does not cause or aggravate lymphedema in the affected side of BC survivors \[[@CR39]--[@CR43]\].

In previous studies, approximately 85% of women diagnosed with BC for the first time were over the age of 50, so the majority of survivors of BC were older women \[[@CR44]\]. The improvement of muscle strength can promote balance control ability \[[@CR45], [@CR46]\] effectively preventing falls. Falls among the elderly are a major risk. Among the many factors causing falls of the elderly, muscle weakness is the main one \[[@CR47]\]. In addition to causing falls, muscle weakness can trigger other diseases, especially the limitation of physical function or even loss of self-care ability \[[@CR48]--[@CR50]\]. Therefore muscle strength is of essential importance for postoperative survivors of BC. As suggested in the research results, internet-based diversified exercise interventions can reduce the risk of falling and future diseases of BC survivors by improving muscle strength.

It has been reported that about 60% BC survivors suffered from significant decrease in muscle strength of their upper limbs after surgery, seriously affecting the daily life of BC patients, thereby reducing their QOL \[[@CR51]\]. Therefore, the improvement of muscle strength may have a positive effect on improving their QOL \[[@CR52], [@CR53]\]. As manifested in the research results, the improvement of QOL of BC survivors, to some extent, can be attributed to the improvement of muscle strength of the upper limbs.

Cardiorespiratory capacity was assessed by estimating the VO2max of each participant \[[@CR54]\]. In previous studies it was reported that the improvement of cardiorespiratory endurance is positively correlated with the reduction of mortality in cancer patients \[[@CR55], [@CR56]\], showing the importance of cardiorespiratory for BC patients \[[@CR57], [@CR58]\]. The results of this study revealed that, after 12 weeks of intervention, although the difference regarding the VO2max between the intervention group and the control group showed no statistical significance, there was a trend of improvement in the intervention group through comparison within the group. Our training method for cardiorespiratory endurance was to let the subjects walk within a specified time to finish certain number of steps, but this exercise method, compared with cycle ergometer exercise \[[@CR59], [@CR60]\], had a difficulty in controlling exercise intensity, which may affect further improvement of cardiorespiratory endurance of the subjects. After a short-term intervention of 12 weeks, there was a trend of improvement in cardiorespiratory endurance of subjects in the intervention group. If medical supervision is further strengthened in cardiorespiratory endurance training and the intervention period is extended, better outcome would be expected.

No follow-up after study was the limitation of this study. In addition, the study period may have been too short to see the full benefits of the CEIBISMS on the improvement of QOL and cardiorespiratory capacity. We should do follow-up after the study and increase the intervention time in the future study.

Conclusion {#Sec26}
==========

According to the results of this study, the CEIBISMS had rehabilitative effects on QOL and muscle strength in postoperative patients with BC in China. However, a longer duration of intervention trial is needed to confirm the effects of the CEIBISMS on BC in the future.

ALT

:   Arm lifting test (30 s dumbbell of 5 pounds or 2.3 Kg lifting test)

ANCOV

:   Analysis of Covariance

BC

:   Breast cancer

CEIBISMS

:   Combined Exercise Intervention Based on Internet and Social Media Software

CONSORT

:   Consolidated Standards of Reporting Trials

QOL

:   Quality of life

SF-36

:   the 36-item Short Form Health Survey

SPSDCT

:   Stand-up and sit-down chair test (number of times standing up from the chair within 30 s)
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